At present, a good deal of methods for the Maximum Power Point Tracking (MPPT) has been used in engineering applications. However, Matlab simulation proved that they were difficult to harmonize the stability and speed ability of system. In addition, in order to maximize the use of PV panels 'power, the paper focused on aneonatalalgorithm for Maximum Power Point Tracking (MPPT). Based on the algorithm, this paper designed an improved and feasible variable step perturbation and observation method which well alleviated the conflict that the maximum power point tracking could not take into account the stability and speed of response efficiently.
Introduction
In photovoltaic power generation systems, actual output power of often depends on light intensity, battery temperature and load impedance [1] . In the three factors of output characteristic of the PV cells, light and temperature is external environment which is unable to control. Therefore, adjusting the impedance value of load is the only choice to make PV cells output maximum power in the practical work, meanwhile, this is the essence of photovoltaic array maximum power point tracking. At present, the MPPT methods used by researchers at home and abroad include: constant-voltage method, perturbation and observation method, synovial control, incremental conductance method, fuzzy control and neural network prediction method [2] [3] [4] . Perturbation and observation is the most commonly used method in practice for its simplicity and ease of implementation [5] . However, it suffers from the slow tracking speed at small duty cycle step and fluctuates when subjected with large duty step, which results in higher losses under dynamic weather to which the photovoltaic PVcells exposed [6] . This paper focused on an improved and feasible variable step perturbation and observation method here.
PV cells are recognized for having non-linear characteristics. At one point, which is known as the maximum power point (MPP), the cells are capable to operate at maximum efficiency and give the maximum output [7] [8] [9] [10] . According to the photovoltaic cells equivalent circuit model [11] , two typical output characteristic curves of PV cells can be determined under a certain temperature and illumination parameters: output current-output voltage (I-V) characteristic curve and output power-output voltage (P-V) characteristic curve are shown as Figure 1 . ) is the working point of maximum output power of photovoltaic panels, then the Vm is voltage and Im is current of MPP. Connecting PV cells terminals to load resistance, its external characteristic curve is the origin of the dotted line in Figure 1 (a). As the load resistance is increasing from 0 gradually, the output voltage and output power of the PV cells are also increased slowly from 0; When the load resistance increases to Rm in Figure 1(a) , the output power of photovoltaic panels increases topeak, namely in the MPP, and Pm = ImVm; Continuing to increase the load resistance, the output voltage of PV cells continues to increase, but its output power begins to decrease. Figure 1 (b) is the P -V characteristic curve about the change of the relationship between load changes of PV cells and output voltage, and the MPP point corresponds to MPP point in the Figure 1(a) . When the load resistance decreases from infinity to Rm, P -V characteristic curve is right side part of the MPP point in Figure 1 (b) accordingly; when the load resistance over Rm continues to scale down, corresponding P -V characteristic curve is the left side part of the MPP point in Figure 1(b) .
The Proposed Method
In photovoltaic power generation systems, maximum power point tracking (MPPT) of PV cells is achieved by DC/DC converter usually. To be in the implementation principle, the total circuit composed of DC/DC converter and load is regarded as the system equivalent load whose size is a certain function of duty-cycle D of the working DC/DC converter. Thus, the output power of PV cells can be changed by adjusting the duty-cycle D simply, and then MPPT function is implemented. Boost converter circuit diagram is shown in Figure 2 . Q is conducted:
Q is closed:
If the state of switch is processed by average method in each switch cycle and the average amount of state is represented by overline, then the result is as follows: 
In accordance with the state-space averaging method, (4) is the state-space equations:
e T =(1-D)×e , D is the duty ratio and（ ） 0≤D≤1 in formula (4) .Because it is known that eT is a function of D, therefore, the system working point will be changed with the variation of dutyratio D while the Boost converter in Figure 3 is working. When dP/de PV =0, the function of MPPT is realized [12] .
Research Method 3.1. MPPT Fixed Step Algorithm
In this paper, the PV cell is connected to a DC bus through the Boost converter. In order to realize MPPT, the equivalent load impedance of the photovoltaic power generation system can be changed by adjusting the duty-ratio (D) of the Boost converter and making it the same as the power source internal resistance. Although a lot of the MPPT methods have been used at home and abroad, perturbation and observation method is commonly adopted in the engineering practice to write control programs and perturbation step is usually a fixed value because of the limitation of processing speed of current microprocessor.
Flow graph of fixed step size perturbation and observation method is Figure 3 . I (k), V (k) and P (k), respectively, is output current, output voltage and output power of photovoltaic power generation system in the kth time sampling. P is the system power difference between before and after sampling, V is the output voltage of PV cells difference between before and after sampling, D(k) is duty-cycle of drive signal of power electronic device and D is the fixed variational step of D(k). 
407
The simulation results can be found in the last section, when D is larger, the response speed of system under illumination change is rapid, but the output power of PV cells has a strong shock near the maximum power point. When D begin to decrease, the oscillation amplitude is decreased obviously; however, the system tracks illumination change at a slower pace. It is visible that fixed step algorithm is difficult to coordinate between stability and rapidity for MPPT in the system.
MPPT Improved Variable Step Algorithm
In order to overcome the shortage of the former perturbation and observation method, this paper improved algorithm based on the fixed step MPPT simulation experiments. With the change of output voltage (V), the change rule of output power of PV cells (P) can be summed up in Figure 1(b) . As shown in Figure 4 , M1, M2, M3 and M4 are obtained from the P -V characteristic curve in Figure 1(b) . By comparison, the slope relationship among M1, M2, M3 and M4 can be obtained in Figure 4 .
Visibly, slope of P -V characteristic curve is minimum only in the maximum power point
), making use of the relationship of P/ V on the curve and output power P to adjust step value every time in perturbation method, namely, the slope and disturbance step have positive correlation, then the system search of stability and rapidity can be coordinated. Therefore, D(k) in the moment of k is as follows:
V(k) and P(k), respectively, is output voltage variation and output power variation of PV cells, during the moment of (k -1) to k due to change of duty ratio. D is the fixed variation step of the previous perturbation and observation method. Consequently, D(k) substitutes for D in Figure 3 according to the formula (6) in the control flow chart of improved algorithm. In the improved algorithm, Matlab simulation experiment found that P(k)/ V(k) were so large because of the interference effect that D(k) were too large and the system control were disordered, so it needs to improve algorithm again. Combining the characteristics of previous fixed step with perturbation method, two kinds of duty ratio can be set in the control algorithm to regulate the step length. The larger one adjusts step to cope with the mutations of illumination in MPPT control to make the system search the maximum power point quickly while the smaller is used for the control after the MPP is found to reduce the system power oscillation Figure 4 shows that P(k)/ V(k) has a positive and a negative on both sides of MPP, the working point of PV cells is inversed alternately between left and right sides of MPP under the perturbation method. Something can be obtained when the working point is change:
In formula (7), S is a positive that shows the working point of PV cells did not reach the MPP, D should choose a large step to track the external environment variation rapidly. The working point of PV cells jumps from one side to the other side of MPP when S inverses from a positive to a negative. That is to say, the working point of PV cell is near the MPP and D should choose a small step to reduce the power oscillation of the system near the MPP. According to the above step conversion method the second improvement of algorithm has been completed. Judging whether S is a positive or not before judging P=0 in the flow chart of figure  3 to choose the best D.
Results and Discussion
As shown in Figure 5 , set up the maximum power point tracking (MPPT) simulation model of photovoltaic power generation system based on Matlab/Simulink software environment and make use of the main circuit of Boost converter designed in section 2. 
Simulation of Fixed Step Perturbation and Observation Method
In Figure 5 , the open circuit voltage photovoltaic panels Voc = 22.1V, the short circuit current Isc = 5.95 A, voltage of maximum power point Vm = 18.2 V, current Im = 5.55 A, temperature photovoltaic panels in the maximum power point is 25℃. Building a control module according to the flow chart of figure 3 to simulate and get the simulation diagram about tracking the output power of photovoltaic panels as shown in Figure 6 . Figure 6 (a) shows that the output power of photovoltaic panels is maximum at t=0.03s after the running of Boost converter and the maximum power tracking is achieved. If the light intensity changes suddenly, Boost converter can quickly track the illumination change and continue to make photovoltaic panel's output maximum power. But it is also can be seen from the figure, the maximum output power of photovoltaic panels will shock on a small scale whose amplitude closes to 20W due to the large step length, which cannot meet the requirements obviously. In order to reduce the concussion D should be reduced, for example, the oscillation amplitude of the stable output of the photovoltaic panels is controlled well as D=0.0002 and the requirements of stability is meet. However, the tracking speed is too slow to adapt to the weather whose illumination is changed frequently. Figure 7 is MPPT simulation curve of the improved variable step perturbation and observation method. The larger D and the smaller D in the simulation program is 0.002 and 0.0002 respectively. It is shown in the figure that the maximum power output of photovoltaic panels was achieved about 0.05s with this algorithm. Boost converter could quickly track the change of light intensity as t=0.3s and t=0.5s and continued to make photovoltaic panels output the maximum power. There is a nice stability in both cases. 
Simulation of Improved Variable Step Perturbation and Observation Method

Conclusion
Simulation experiments shows that the improved variable step perturbation and observation method overcomes the drawback of the two previous perturbation and observation methods well. In addition, it alleviated the conflict that the maximum power tracking cannot take into account the accuracy of steady state and speed of response efficiently.
